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EDITORIAL

achievement, and success have no meaning.

he Year End Review of the MoPSW whizzed past with

the year 2022. Some notes are worth highlighting:
Coastal traffic crossed 130 MMTA; Indigenous Aircraft
Carrier, Vikrant took to the waters; JNPA became a fully
landlord Major Port; 3-phase Heritage Complex at Lothal
got the funds push.

A bright-line separation was the Sagarmala scorecard:
802 projects/Z 5.4 lakh crores under plans, out of which
220 projects/T 1.12 lakh crores have been completed.
Moving on, Ro-Ro/Ro-pax, cruise terminals, coastal
infra/tourism/shipping etc., will get their share for
development. The Sagarmala talks bring the earlier,
mid-year Report into focus, which had expressed serious
concerns on the slow pace of work progress under this
flagship programme. A regular reminder on this would
help expedite plans.

The stats under the skill development activities in
hospitality, tourism, logistics and ship breaking deserve
a bold tick mark. The impetus should continue in Inland
Vessels [IV] (of the Inland Waterways sector) and the
Safety Training at Alang (ship breaking) Yards.

Another plus point on progress should go to the
initiative of dispute resolution mechanism in the form of
Conciliation & Settlement Committee. This is bound to
ease many bottlenecks (some decades long ones too).
The pace and power of one interesting initiative, which
needs to be monitored, is that of the Gatishakti Master
Plan.

While aircraft carrier, heritage complex could be
the feathers, continual growth in skill development,
digitisation and fillip to inland waterways are certain bets
for a meaningful success. A pandemic-free, peace filled
2023 holds the keys.

Y, \ | P

In this issue...

Condition based monitoring (CBM) has become a
part of all major equipment architecture. Uday Purohit
and Narendra Kumar Karicheti explain a CBM system
for Diesel engines. Typical torsional vibration
measurement and FFT application are explained
for easier understanding. The features of a
Class approved system are discussed,
highlighting the merits. Acyclism

Without continual growth and progress, such words as improvement,

- Benjamin Franklin

(linear movement of pistons resulting into
rotational movement crankshaft), change

in angular velocity/acceleration/position etc.,

get a mention but are explained in a tangential
fashion. This will be a good read for the sailing
engineers to understand shipboard CBM systems.

—_— N\

From engine monitoring, we move to material
movement by drones. Prasanna Kumar and Dr. Ajanta
Devi present a solution for moving supplies to ships from
shore. The merit of the case is in the saving of fossil fuel
usage (and hence the reduction in emissions) by the
launch boats, which ferry supplies to ships in anchorages.
The article discusses a survey study and highlights a few
limitations such as payload and security issues. However,
the article argues that the drones can carry documents
and light loads. This is an interesting read in lines of
‘articles on innovations’ we have been hosting.

—\—

Descending from the drone, we have Subhakar
Dandapat with a discourse on Coastal cum Inland
Shipping (CIS). In this instance, Dandapat presents the
rationale for greening the Inland Waterways Transport
(IWT) sector. Undoubtedly, this is a sector where scope
for development is immense. The network, support
infrastructure and the cargo shift etc., are bound to
create employment and opportunities. The new Act
intends to give impetus to this growth. The Inland Vessel
(IV) training and certification are also in the ambit of
these changes. IWT sector deserves a good focus and
Dandapat’s informative article is worth your attention.

— N\

Under Lube Matters, Sanjiv discusses wear phenomena.
Heritage Hourglass: Uma Kalbe projects navigation
instruments, which were invented based on ocean
going needs. Under the MER Archives, we present a few
interesting extracts from Feb ‘83 issue. We host a reprint
of a technical note on pumps for carbon capture storage
applications.

— X\
While awaiting the budget and any sops for shipping,
here is the February 2023 issue.

Dr Rajoo Balaji
Honorary Editor
editormer@imare.in
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ADVANCED INSIGHTS INTO THE HEALTH OF DIESEL
ENGINES: IR CLASS APPROVED ENGINE CONDITION
MONITORING SYSTEM, VIB 360

Uday Purohit
Karicheti Narendra Kumar

Abstract:

Condition monitoring of diesel engines through speed
data. The article discusses about technology through
which marine engines’ fuel efficiency, mechanical health
and emissions can be monitored. With everchanging
engine fuels and fuel composition, dynamic effect of
injection system on the crankshaft is studied through the
speed sensor to monitor and improve above-mentioned.

Torsional Vibrations of the shaft can be identified from a
simple speed sensor. Identification of Torsional vibration
is the earliest form of identification of defects. Frequency
information of speed sensors contains signature of
individual faults and individual cylinder faults.

The outcomes and the salient points of the study are:

1. Speed sensor can be used to identify Torsional
Vibrations.

2. Torsional Vibration of the shaft is the earliest form of
vibration and defects of the engine can identified well
before any other form of condition monitoring

3. Each defect or issue in the engine produces shaft
vibration with a certain frequency. Identification of
frequency signature is the basic principle

4. Using a camshaft sensor for the identification of
TDC of Cylinder-1, Individual cylinder’s Injection,
compression, bearings issues can be pinpointed

5. Damper health can be identified from Simple speed
sensor on flywheel

www.imare.in

6. Fuel loss % in real time can be calculated from the
acyclism of the flywheel

Keywords: Fuel Efficiency Monitoring with speed
sensors, Emission monitoring with speed sensors,
Mechanical health monitoring with Torsional vibrations,
Damper health monitoring

1.0 Introduction/Background

This paper explains how an engine’s Torsional vibrations
(TV) are detected through a single non- intrusive,
unpowered MPU(Magnetic Pickup Unit) and how this
information from the MPU is utilised to identify and
detect nascent defects. The system pinpoints issues
related to compression, increased friction in bearings,
Injector related faults, stresses on the crankshaft, overall
mechanical health, Engine related accessories, (Pumps,
etc.,) and condition of the holding down bolts. Vib360 is
a powerful tool to monitor fuel efficiency of the engine,
on a real time basis, which ensures that emissions have
not deteriorated due to poor combustion conditions.
Equations of TV and related spectrums will be explained
in detail. This paper shall also explain how the system with
a single peak pressure sensor mounted on any cylinder
can calculate the peak pressure of all the other cylinders.
The paper shall distinguish between alarm systems &
condition monitoring (CM) systems. In addition, a brief
about the existing CM systems and Vib360 will be
provided to prove the significance of Vib360.

Impedance-Neptunus has developed a Real-time
online condition monitoring product VIB360 with this
technology for the benefit of the engine operators. The
system is designed by considering all the challenges in
the marine environment.
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2.0 Text/Methodology/Results/Discussion

The Power of this technology is to change the way
maintenance is done on engines, reduce cost of ownership
and eliminate breakdowns completely. Currently there
is no method to monitor and therefore correct the fuel
consumption of engines. Operators therefore are unaware
when fuel consumption starts increasing due to defective
components. The ‘Power Loss’ indicator addresses this
issue by having real time data for the operator. Engines
can now be operated at peak efficiency.

Due to the absence of better technology, operators rely
on engine maker’s scheduled maintenance intervals. This
is both expensive and unnecessary. With the presented
technology, operators can now have interventions based
on the actual condition of the

engine. i

Breakdowns are expensive.
The technology enables the
operator to be alerted when
defects are initiated giving
him sufficient time to plan
corrective actions. Currently
there is no mechanism for the
operator to estimate ‘Residual
Useful Life’ or RUL of the
engine. By plotting long term
trends the system enables the
operator to estimate RUL and
pinpoint components that fail
prematurely.

operators can

3.0 CURRENT PRACTISES

In marine applications, internal combustion engines
are critical assets. To ensure continuous operation and
optimum engine performance, it is essential to mitigate
the risk of premature engine failures by an automated
continuous monitoring tool.

DATA EXPLORATION AND

FUTURE PLANNING ADVANCED ANALYTICS

OPERATING
CONDITION
THRESHOLD
DETECTION

PERFORMANCE AND PREDICTABILITY

INCREASING UNSCHEDULED DOWNTIME

Due to the absence of better
technology, operators rely
on engine maker’s scheduled
maintenance intervals. This is
both expensive and unnecessary.”
With the presented technology,

interventions based on the
actual condition of the engine

CONDITION MONITORING

Current practices of Engine performance monitoring
are:

a.
b.

Manual Peak pressure measurement

Exhaust Temperature, Pressure and Flow measurement
and monitoring.

Linear Vibration measurement by accelerometers
Boroscopic Inspection

Use of ultrasound devices

- 0o o 0

Lube analysis

Protection devices fitted on the engine prevent the
engine from catastrophic failures. All these methods are
not satisfactory in detecting
- 'i "{ the onset of defects in
various components of the
Diesel Engine. By the time the
T engine mounted sensors show
a deviation in temperature
{ and pressure, the fault has
progressed to a stage where
the component has already
failed and corrective action
is expensive. VIB360 is a
complete product for the
condition monitoring of
diesel engines. Following
Planned Maintenance
Schedules offered by
Engine manufacturers only
partly mitigates the risk of
breakdowns.

now have

-

4.0 VALUE OF CONDITION MONITORING
SYSTEMS

Figure 1 curve explains defect propagation and
identification by the performance monitoring (Alarm

PRE-PM
INSPECTIONS

ECM

ALARMS

j:? ENGINE ECM INITIATED
.I'.l.? SHUTDOWN

FUNCTIONAL FAILURE

TIME TO FAILURE

Figure 1. Defect Propagation Curve (Time to Failure)

www.imare.in



AEMTC MUMBAI : 401, Fourth Floor, Leela Business Park,
Marol, Andheri-Kurla Road, Andheri (East), Mumbai-400 059.

T. +91 22 6720 5600/ 611 /618 | A.O.H. +91 9820917656
aetr.bom@angloeastern.com
Capt. K. N. Deboo, Mr. Francis Akkara, Mr. lvor Wilson

AEMTC DELHI : A-101, Dayanand Colony, Lajpat Nagar- 4,

MARITIME TRAINING CENTRE 5. sz ot sconrz0a 2801 200 12

aetr.del@angloeastern.com
Capt. Prashant Gour, Ms. Sukhjeet Kaur

www.maritimetraining.in

WIN 52J

eiareithiur Sos & Dicser

) Advanced Course UNIC- Controlled
ME-C Control System Standard Operation X-DF (Dual Fuel) Engines

(OEM Approved Course) (OEM Approved Course)
February 2023: 13-17, 27-03 February 2023: 13-17

For bookings: aetrbom@angloeastern.com
PrimeServ.academy-cph@man-es.com

.c, Wartsila RT Flex Engine [F LRI rxHpIg k]

WARTSILA Conducted by Wartsila Switzerland (OEM Approved Course)

For bookings: +91 22 67205611 /12 /18

D. G. Approved Courses February 2023

1. Refresher and Updating Training Course for all Engineers (RUTC) 27-01 Mar

Value Added Courses February 2023

ENGINE ROOM SIMULATOR

Advanced Marine Electrical course Module 1 - Practical Marine Electrical (Basic) 06-10, 13-17

Advanced Marine Electrical course Module 2 - Practical Marine Electrical (Advanced)  06-08, 27-01 Mar
Advanced Marine Electrical course Module 4 - Electronics for Marine Engineers 09-10

Advanced Marine Electrical Course Module 5 & 6, Instrumentation, Process Control &

Programmable Logic Controllers 13-17

Bridge Manouervering & Engine Control - Operational Level 16-17

Engine Room Emergency Management 06-07
Hydraulics for Engineers - Basic 13-15, 27-01 Mar
Hydraulics for Engineers - Advance 06-10
. Machinery Breakdown Safety Campaign - 2 10
. Maritime Crew Resource Management (MVCRM) 13-16
. Maritime Safety Management - Module 1 (Occupational and Behaviour Based Safety) 06-08

. Maritime Safety Management - Module 2 (Risk Assessment) 13

. Maritime Safety Management - Module 3 (Shipboard Safety Officers) 14

. Maritime Safety Management - Module 4 (Accident Investigation-2) 15

. Port State Control (Online) 13-14, 28-01 Mar
. SIRE 2.0 Training for Crew (Online) 06, 27

. Specialized training for Gas Engineers LCHS LPG Simulator + Refrigeration Session ~ 06-10




MARINE ENGINEERS REVIEW (INDIA)
February 2023

based) and Condition Monitoring
techniques. Colours in the background
explain the severity of defects at every
stage. Identification of defects at the
green stage shall reduce the cost of
repair, increase reliability and avoid
catastrophic shutdowns. Importantly,
identification of defects in green stage
and rectification will improve the fuel
savings of an engine by at least 2-5%.

*  OEMs of electronic engines supply
ECM Alarms and Auto Shutdown
technology to avoid catastrophic
failure. |

* In most cases, ECM produces an | =51
alarm, the defect has already
propagated to near failure (Red
Zone).

* Lube analysis and thereby manual defect prediction
is not accurate, is time consuming and not real-time.
Prediction accuracy is dependent on the quality of
sampling, lab analysis and skill of the engineer. Lube
analysis is to-date majorly used to determine the
overhaul/change of bearings as per OEM guidelines.

» Detection of Torsional Vibration is the only technique
by which a defect can be identified in early stages and
so can be called a condition monitoring technique.
All the other systems that are used to measure
performance and alert customers before failure do
not fall in the condition monitoring basket.

5.0. TORSIONAL VIBRATION ANALYSIS -
TECHNOLOGY

5.1 TECHNOLOGY BRIEF:

This paper introduces the technology to address the
challenges that engine owners and operators face today
- optimum fuel efficiency whilst meeting environmental
norms for emissions using different fuels, preventing
unplanned shutdowns and optimising the intervals
between overhauls. Identifying faults at a nascent stage
not only protects the equipment but also individual

Position 2

Position 1

Figure 2. Shaft Rotation

Detection of Torsional

components, significantly lowering
ownership costs.

The patented technology uses a
single non-contact, non-invasive,
Magnetic Pickup unit or MPU (similar
to those fitted on any engine) to
measure the instantaneous speed of
the crankshaft and hence the ‘torsional
vibration’. The voltage signal thus
recorded is processed by the software
embedded in the Intelligent Controller.
The output is available both to the
operator at the local location and to
the manager at any remote location.

5.2 What are Torsional Vibrations ?

Torsional vibrations are angular
vibrations of the shaft within each rotation. These are
induced by (bad) condition of the engine or varying load.
Structurally sensitive frequencies from the mounts may
amplify and transfer these phenomena to the engine
leading to stability issues. The level of torsional vibration
is influenced by a number of parameters, such as material
properties, operating conditions (such as temperature,
load, RPM, etc.). Despite tremendous progress in
Engine design by OEMs, overall system complexity still
necessitates accurate qualification and quantification of
these torsional vibrations in real-time to diagnose the
mechanical and thermal health.

5.3 Equations of Torsional Vibration

Angular displacement a(t) in [rad] or [°]

Angular velocity "l";" in [rad/s] or [°/s] or [RPM]

Figure 3. Harmonics of Volvo Perfect Engine

Figure 4. FFT spectra of a 6 cylinder 4-stroke engine with defect

www.imare.in



d el 1)
Angular Acceleration : 1

[rad/s2] or [°/s2] et

While R = radius of the shaft and Jz
[m4] = torsion constant or the polar
moment of inertia), then -”'-_I'I-'.

Twist-angle(T) method is bas;d on
the measurement of the relative-angle
deformation between two separate
locations on the shaft.

(id_Aa
i

T

Twist angle and twist RPM : The
twist RPM is the difference in RPM
between the two extremities of a shaft.
This difference in RPM between the two locations, the
so-called twist, is a measure for torsional vibration on
the shaft.

Vib360 utilises Instantaneous Angular Speed (IAS) and
Twist Angle to identify the health of engines as depicted
in Figure 2. Vib360 doesn’t need amplitude of the speed
signal, it uses only its frequency. Two main paths of engine
diagnosis are frequency domain analysis and time domain
analysis

5.4 Frequency Domain

The Fast Fourier transform (FFT) is used to transform
a signal from the time domain into the frequency
domain allowing to break up the signal into its frequency
components and its spectrum. Engine problems

MARINE ENGINEERS REVIEW (INDIA)
February 2023

generate torsional vibration at specific
=, frequencies, this information can

“

Torsional vibrations

be used to diagnose the cause of
abnormal torsional vibration by using
the FFT spectra. If an engine has an
issue with the gas forces, the torsional
vibration is periodic throughout an
engine cycle, thereby limiting the
frequencies of interest in the frequency
domain which appear as peaks in the
FFT spectra.

If a 6-Cylinder 4-stroke engine is
working in almost perfect condition,
the firing frequency is the dominant
peak in the FFT spectra (Figure 3).
But, if it is not working properly due
to gas forces, a peak appears at the 0.5x order in the
FFT spectra. 0.5x is the lowest order for a 4-stroke
engine whereas 1x is the lowest order for a 2-stroke
engine. For 4-stroke engines, half order frequency refers
to the frequency at which a full engine cycle repeats,
which is equal to half an engine’s speed (RPM). Half
order frequency is present in all piston engine torsional
vibration signatures due to some degree of variation in
the firing process from cylinder to cylinder. However,
frequency analysis is only one aspect of interpreting the
information contained in a torsional vibration signal. Not
all engine problems can be derived from the information
of an FFT spectra. For example, to detect bearing defects
the FFT has its limitations but can be identified by a
method used in the time domain.

225B5

Direction of :
Crankshaft Rotation

180A7

135B7

Cylinder A1TDC
Crank Angle: 0°/720
Start/End
Engine Cycle

Cylinder A8 TDC
Crank Angle: 360°
st Crankshaft Revolution

495B2

540A2

675B1 Cylinder B4 TDC

/Crank Angle: 585°

585B4

Figure 5. Envelope of a 16 Cylinder Diesel Engine created by VIB360

www.imare.in
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Figure 3 presents the FFT spectra of a Volvo engine
without any defect showing its major harmonic at 6™
¥ order, thus 3 order. Without any defect the major
harmonic contains the greatest energy in the spectra.
But as soon as a misfiring of cylinder 6 happens the FFT
spectra changes as shown in Figure 4.

Figure 4 represents defects in the 6th cylinder of the
engine. The dominant peak is at 2 cycle which indicates
issues in combustion of cylinder 6.

5.5 Time Domain

Conversion of real signal of MPU to analytical signal is
performed through Hilbert Transform. Hilbert Transform
generates the envelope of a signal and removes the rapid
oscillations data that will not be useful for analysis.

Figure 5 envelope analysis combined with torsional
vibration is to eliminate disturbances and emphasise the
fault. At an early stage of a defect, the chance of detecting
the defect using FFT is low. Signal envelope analysis
provides an effective extraction method for signals having
a low Signal to Noise Ratio (SNR). The Hilbert transform of
a signal s(t) is defined by an integral form:

His@]==>[% Lar M

The Hilbert transform keeps all the amplitudes of the
spectral components unchanged but the phases are
shifted by . Thus, Hilbert transform is the convolution
integral:

HIs(D)] = s(t) — @

The imaginary part of the analytical signal is the Hilbert
transform of the real part, written as

S(t) = s(t) + iH[s(t)] 3

Normally the spectrum of a signal having a low SNR
usually contains less diagnostic information. Whereas the

envelope signal contains the required information about
faults which affect the torsional vibration [2],[3]. The
magnitude of the Hilbert transform is the instantaneous
angular velocity, which can be used to calculate
acceleration and displacement. Using these three values
with the statistical moments, e.g. Skewness and Kurtosis,
mechanical defects of the engine can be derived. The
Skewness which is the third moment characterises the
degree of asymmetry of a distribution around its mean
and describes the shape of distribution curves.

Date of report (UTC) Name [4-stroke engine] Speed * Delta

Mechanical Health Operating Condition

‘99%‘ ‘92%‘

Mounts

‘100%‘ ‘ 81% ‘100%‘.

Mechanical Stresses Torsional Angle

Harmonic Damper Power Loss
o
f : 0.41%
51%
WARNING
Generaline. | 1+R6 R5+L2 L3 + R4
Compression * . El
Injection Timing -] [ ] ]
Injection Condition e o5 el [ (] L1
Bearing -“- L] = )
Underpower m & - -
Overpower @ & &

AlphaSystem SW Version: 1.5.6
Alpha Diagnostics Ltd + Christoph Merian-Ring 1+ 4153 Reinach - Swi . i ch

Figure 7. Health Report of Vib360
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Kurtosis is a measure of peakedness and is a good
indicator of signal impulsiveness in the context of fault
detection for rotating devices. It is the ratio of the fourth
moment to the square of the second moment which is
known as variance.

w-DIN, ()

z:IiV:1 (xi—E)Z

Kurtosis = )

Kurtosis allows us to define the impulsive character of
a signal. If for example, the acceleration has a Gaussian
distribution, the kurtosis value is around 3 while, in the
presence of impulsive phenomena e.g. bearing defect,
the distribution of the data does not have Gaussian shape
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5.6 Torsional Orders Vs Torsional Resonances

Torsional orders are forced responses induced by
the cyclic excitation of the rotating source. A Fourier
analysis of this irregular torque/RPM at a certain
moment will show the different harmonics and the
relative importance at that moment, thus related to the
operating condition at that moment. The waterfall or
colour map of a combustion engine provides a global
overview of the torsional-frequency behaviour, and the
dominant-torsional orders.

Torsional resonances, which are related to the
structural properties of the system, are independent
of the operating condition. When excited, they very
often amplify the torsional vibration phenomena,
so it is important to identify and quantify them. As
torsional excitation under operating conditions is
mainly limited to the harmonics of the forcing torque,

torsional resonance levels can be small compared to
the orders. A good measurement-dynamic range will
be important to avoid the torsional resonances being
masked by the orders.

and its Kurtosis value is higher than three(3) [4]. But if
the value is above 13, it can be said that this is not due to
an impulsive phenomenon of the moving part but from
some external system.

Engine condition monitoring - Dashboard Indicators

Sr no. Indicator Explanation

1 Mechanical Health * Indicates minor and major mechanical problems in the moving parts, which
indicates impending damage.

» Calculated from the wear/friction and crankshaft bearings indicators.

2 Operating Condition | * Indicates efficiency of the engine with regards to fuel consumption.

e Calculated from injection timing, condition & compression indicators.

» |f the status of this indicator becomes significantly worse, the engine is running
inefficiently. However, it can still be kept in operation without concern of
damage to the engine as long as the mechanical condition indicator is normal.
The consequences of allowing the engine to continue running under this
condition are only higher operational costs and higher fuel consumption.

3 Power Loss * Overall indication of engine imbalance, expressed as a percentage, due to
non-optimal thermal health (refer to indicators) and the inertia resistance of
the rotating and moving parts.

4 Mechanical Stress e The presence of unexpected stress pulses in the crankshaft twist, measured
in each operating cycle. An indicator of mechanical fatigue

e Potential problem : Crankshaft is dynamically deformed and becomes
misaligned due to material expansion, high load or high rotational speed. All
components connected to the crankshaft are exposed to undesired forces.
coupling clearance or alignment.

5 Mounts * Overall movement of the engine(excessive chassis vibrations, foundation,
ageing and weak supports)

6 Torsional Angle e The dynamic twist in the crankshaft is measured in each operating cycle.

*  Problem : The engine may be heavily loaded. The engine may be running
irregularly during idling, which may be a fuel saving setting of the engine
control system. The torsional vibration damper may not have a significant
effect at current RPM. Failure of torsional vibration damper. Problem in engine
mounting and/ or engine alignment

7 Harmonic damper e Overall indication of the torsional vibration damper effectiveness at current
rotational speed

8 Over/Under power | * The power contribution of indicated cylinders deviated from the other
cylinders.
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e Often the twist angle or the
twist RPM is analysed, since
they remove most of the
torsional orders and more
clearly highlight the torsional
resonances.

6.0 Measurement,
Processing and Analysis

* Magnetic Pickup sensor

The Fast Fourier transform
(FFT) is used to transform
a signal from the time
domain into the frequency
domain allowing to break
up the signal into its

6.1 Analysis output available to
customer:

The Intelligent Controller edge
computes data and gives the
following output:

(i) Injection equipment condition
and injection timing cylinder wise

(ii) Compression condition of
each cylinder

re_cords \{oltage. infqrmation frequency components (iii? Status of bearings of each
with torsional vibration data d . cylinder
init. and its spectrum (iv) Overall power loss as a % in

* The data is processed in the
local embedded box (Edge
Computing) with VIB360
patented software.

* The analysed signal can be locally viewed on any HMI
without the use of any external software and internet.
Data stored in the embedded box is for offline trend
analysis.

* Vib360 distinguishes the torsional orders from the
torsional resonances.

Signal
[l

A | i = = . - - - = -
Time

B - B -
Time

F— ‘_F = Zero lag = zero torque Ei=4 Ko Lag proportional to torqaue

Figure 8. Measurement of Torque from Speed sensors

the engine

(v) Peak pressures of all individual
units using a single sensor on any
one unit.

(v) Overall mechanical health of the engine

(vi) Overall combustion efficiency

(vll) State of the vibration damper

(vii) Integrity of the foundation and holding down bolts

(viii) Stress and twist on the crankshaft resulting from
unbalanced forces

This data serves to inform the performance of the
engine and thus its fuel efficiency in real time.

7.0 IR Class Certification

VIB360 product - Torsional Vibration Condition
Monitoring by Impedance is the only approved condition
monitoring system by IR Class. After 6 months of
continuous monitoring and surveys, IR approved
the condition monitoring system for use on engines.
Advantages of the certification for marine fraternity are
listed in the concluding section.

DATVIB360 CONDITION MONITORING SYSTEM WITH FIXED INSTALLATION - AUXILIARY ENGINE + ALTERNATOR

.
= | i

il id

9a: AE & Alternator
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Figure 9. Image Representation of Shipboard Installations

8. Torque Measurement without Strain Gauges

Strain gauges are commonly used across the globe for
the identification of torque on the propulsion system.
Life of strain gauges is low. With time, the accuracy of
the gauges reduces and needs replacement and frequent
calibration. With this problem statement in mind,
Impedance designed a Torque measurement system for
ships on the principle of Twist angle.

www.imare.in

The twist generated on the shaft is proportional to the
20{2e)  32LT

o oot
Hardware Required : 2 RPM sensors and Hardware for
measurement and local analysis

Torque and is &=

Capacity upto which technology works : Tested till 120
MW

Hardware life : 15 years



MARINE ENGINEERS REVIEW (INDIA)
February 2023

Calibration : Not needed Acknowledgements

Accuracy of Torque output : 99% We would like to acknowledge the support extended

by Hamid Saiah and Alain Mayoweritz in establishing this
wonderful technology.

About the Author

Uday Purohit is a Marine Engineer by profession and
=

a first generation entrepreneur. He is alumni of DMET,
- 4 Kolkata. He is inspired by people, new technologies,
!-, challenges, new business ideas and his main area of
interest is in the design of engineering systems. He is

the Founder and Managing Director of Neptunus Power Plant Services Pvt
Ltd. Uday is also the Inmediate Past President of the Institute of Marine
Engineers (India) and was the Hon.Editor of the MER. He is an avid reader,

keen golfer and is widely travelled.
Email: Uday.purohit@neptunus-power.com

Cost of the system =15 of the strain gauge based system

The system can be operated completely without the
need of internet connection. Data analysis and trending
for years can be completely stored inside the system itself.
In the presence of the internet, data can be transferred to
the internet for visualisation by the ship office. Figure 9
shows a shipboard layout.

Conclusion

a. Ship owners can change the notation of Engine
from PM (Periodic Maintenance) to CM (Condition
monitoring). The overhauls or actions on the engines
can be scheduled based on the condition and not on

the running hours. Thus MTBO can be extended Safely Narendra Kumar Karicheti comp|eted his post-
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Identification of health of individual cylinders can help
save fuel to a very significant extent and decrease

OPEX. il 5

Identification of mechanical health and trend will
provide information well in advance about the time
of overhaul. Planning can be effective.

. Catastrophic failures can be completely eliminated by
rectifying faults at early warning of system.
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AIR DRONE AS AN ALTERNATIVE TO SUPPLY BOATS IN

SEA PORTS

e

R.Prasanna Kumar

Dr. V Ajantha Devi ‘

777e maritime mode of cargo transfer is an age-old
practice of trade between different countries. The
efficient turnaround of ships’ arrivals to departure depends
upon various parameters, including the availability of
berths and weather conditions. The vessels stay in the port
area at anchorage locations because of non-supportive
weather or lack of berths. Due to the nature of cargo
loaded on the vessel, the designated anchorage areas are
located away from each other for different types of ships.
On the seaport requirements, almost in all locations, large
vessels’ supply needs are fulfilled by conventional supply
boats. These supply boats transit between the shore and
ships. As we know, the boats use conventional IC engines
for their propulsion, and it is not a variable that depends
upon the cargo capacity. The efficiency of this mode of
transport is poor. Added to the above, the emissions due
to diesel fuel used for this purpose affect the environment
in the sea ports.

On the other hand, with today’s technological
advancements and widespread acceptance in the industry,
cargo transfer for short distances is done with drones
on land. Applying this new invention in the maritime
industry, in few ports, air drone transfer is used for small
consignment sizes. The main advantage of using drones
for supply is that it eliminates the need for humans to
travel on water. When we do the close-up view of this
technology, the benefit of the energy saving has not been
a huge difference from conventional supply boat methods.
The path and the distance travelled by drone in the air and
supply boat in the water are different, and this is the main
contributor to the efficient operation of these vehicles.
The objective of this paper is to demonstrate a hybrid
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method of drone and supply boat use in small distances
and for small-sized consignment transfers between shore
and ship.

Keywords: Air Drone, Remote operation, cargo transfer,
supply boat, Energy efficiency

1. INTRODUCTION

Several logistics companies, e-commerce retailers,
tech companies, and startups have all conducted
extensive research into the ability of drones [1] to
make autonomous vehicles deliveries. There has been
numerous drone - based delivery prototypes and
operational modes investigated, some of which have
not yet been used. Drones are likely to be less expensive
and consume fewer energy per unit of distance travelled
than boats since they are much smaller than launch
boats and because drone - based delivery technology
have evolved dramatically. Furthermore, given that the
bulk of delivery drones run on electricity, which may be
generated using more environmentally friendly energy
sources., they might emit less greenhouse gas per unit
of energy than traditional diesel boats. Drones may not
be cost-effective or environmentally friendly due to their
limited cargo capacity, the need for additional depots or
charging stations to increase their short flight ranges, the
labour required to operate them. Additionally, a number
of studies have found that there are substantial questions
regarding their effects on the environment [2-5].

Deliveries from the shore to the ship have been a
significant component of the shipping industry ever since
it began. Every day around the world, spare parts, medical
supplies, and money are just a few examples that are
transported to ships [6]. Deliveries have historically been
made by launch boats for ships that do not frequent ports
and involve a number of expenses, including manpower
and fuel costs as well as preparation and travel time,
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customs clearance, transfer from
launch boat to vessel [7, 8].

Unmanned aerial vehicles
(UAVs), also known as drones,
have begun to enter the shipping
industry as a more effective

e by launch boats for ships

do not frequent ports and involve

a number of expenses, including

manpower and fuel costs as well

2.1. Cost, Greenhouse Gases
Emissions and Energy
Consumption

Drone use for last-mile delivery
costs and environmental impacts

and environmentally friendly
alternative due to the high demand
for shore-to-ship deliveries around
the world and strict environmental
regulations [9]. Many industries
are turning to UAVs because of their accessibility, speed,
and low operating costs compared to more conventional
methods of transportation that require labour, according
to the consulting firm [10].

Using a UAV certified for explosive environments, the
shipping company Maersk claimed to have made the first
delivery by UAV to a ship at sea in 2016. [11]. A project
called Skyways, a partnership between the aerospace
company Airbus and the ship agency Wilhelmsen, is one
of the most recent and pertinent ones that the company
has been working on since then to further investigate
shore-to-ship solutions [12]. Singapore hosted the first
commercial UAV delivery trial in the world, where supplies
were delivered to a ship in port over the course of ten
minutes [13].

While some studies indicate that, if used carefully,
drone-based delivery could lower greenhouse gas
(GHG) emissions and energy consumption [14, 15], others
indicate that, in many situations, drones used for parcel
delivery actually use as much energy as launch boats do
[16 - 18].

2. REVIEW OF LITERATURE

Since its discovery, society has always depended on
shipping for transportation by water, and it is now a key
component of the global economy [19]. 90 percent of
global trade is now carried out by shipping, which is also
the most economical mode of transportation. Today,
launch boats are one of the traditional ways to move
cargo from the land to the ship [7]. These deliveries can
be challenging and pricey, frequently costing $1,000 USD
or more on average [11].

Figure 1. Traditional Delivery by launch boat

are also investigated. The most
widely utilised functional units
of analysis are a single delivery
and a unit distance travelled.
However, there are few available
data on the lifespan emissions of
drones [14, 18]. Studies carried out in various countries
employ different databases. [20] uses data from Thailand
and several nations, including the US, China, and Canada,
to assess the environmental effects of drone delivery.
[16] suggests a comprehensive energy consumption
model for the drone delivery process. It also considers
the environment in which it is functioning (wind). The
energy usage of diesel boats operating out of the same
depot and providing services to the same clients is then
compared to that of drones. Because drone delivery
consumes more energy than launch boat delivery, the
results demonstrate that transitioning to a drone delivery
system is not energy-efficiently advantageous.

2.2. Ship Categories

Different commercially used vessels come in a variety of
sizes and shapes that are tailored to fit the intended cargo
(International Chamber of Shipping). According to [21], the
mission of a ship establishes the specific specifications and
elements, such as the kind of cargo to be transported, the
required speed, the operational range, or the distance to be
covered. Additionally, it lists various ship types, including
tankers, container ships, roll-on/roll-offs, passenger ships,
and dry bulk. There are designated helicopter operations
areas on each of these ship types, which can vary in size
and location [22]. Given that the procedures will be similar
to those for helicopters, these locations will probably be
used for UAV shore-to-ship deliveries [23].

2.3. Areas of Marine Application

Inspections and surveys are one of the marine industry’s
many current uses for UAV technology, according to

Figure 2. Provides an example of a drones
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the classification society DNV
GL. These are primarily carried
out in cargo holds, ballast and
cargo tanks on ships, as well as
in the structural elements of
offshore installations. UAVs have
been used in this area, according
to some justifications, which
include shorter preparation times
and increased safety thanks to
unmanned inspections. Compared
to traditional surveys, this approach allows for high-
resolution documentation and can be finished faster and
with less expense. Monitoring of ships’ sulphur emissions
inside Emission Control Areas (ECA) is another use [24].
These ECA areas were created to reduce emissions of SOx
and particulate matter, which is typically done by limiting
the amount of sulphur in the fuel oils used onboard
(International Maritime Organization).

The Danish Maritime Authority (2019) claims that
specially made UAVs can help enforce these sulphur limits
more effectively. The operator will receive information on
the sulphur content of the air by means of special sensors
that examine the air’'s composition as they pass over a
ship in motion [25].

Shore-to-ship deliveries are a third application for UAV
technology [23]. In addition to having the largest ship
agency network in the world, Wilhelmsen has extensive
experience arranging daily deliveries of cash, essential
spare parts, and medical supplies to shipmasters around
the globe [23]. Deliveries made by UAV rather than
traditional launch boats would cost 90 percent less to
make, pose fewer risks of injury, and have a smaller
environmental impact.

3. DELIVERY METHODOLOGY

3.1. Conventional Delivery Strategy

The European Ship Suppliers’ Organization claims that
shipping is changing due to the need for faster cargo
handling, imports, and exports, which has resulted in more
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Figure 3. Impacting factors of Drone
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frequent port calls but less time
spent in port. Higher demands on
suppliers and deliveries are the
result of this. Nowadays, some
ships only conduct ship-to-ship
a transactions, leaving the ship with

] no choice but to have supplies
i' delivered while at anchor.
""""""""""" = According to [7], the operation

of launch boats was most
frequently utilised for shore-to-ship deliveries as shown
in the Figure 1, and this process is as follows: The
beginning of the delivery process involves receiving
a customer inquiry, which is followed by an order
confirmation. The customer is informed as the order is
later prepared for delivery. The price for direct delivery
to the vessel is given to the customer who requested it.
The client must concur on the price before the process
can move forward. Transportation plans are made, and
the ship agent’s contact information is obtained. When
the agent is contacted, the delivery can be scheduled
in accordance with anticipated arrival time and loading
window availability.

Before any staff are allowed onboard the ship to finish
the delivery, operations like anchoring may take some
time, and immigration clearance must be completed.
When the coordination process is complete, the agent
plans the collection of the goods, and the transporter
plans the movement of the goods from their warehouse
to the loading port. After customs clearance, these items
are loaded onto a launch boat. Upon arrival, the launch
boat coordinates the delivery with the responsible Officer
onboard after informing the vessel of the incoming cargo.
The responsible officer signs and stamps the delivery order
before returning with the launch boat and transporter
after the goods have been transferred to the vessel.
Sending the invoice to the client is the process’s last step.
Every day around the world, smaller launch boats are
typically used to deliver supplies or cargo to ships at
sea. The source cites Marius Johansen, Vice President,

depot

Figure 4. Shows conventional Launch boat delivery where it
travels on a multi stop route delivering packages to various ships
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Commercial at Wilhelmsen Ships f"
Service (2017) [13] as saying that

regardless of the size or number of f -
packages, the average cost for these ’

types of deliveries is around $1500

USD. The cost will always be the same
because this type of transportation

The Danish

Maritime Authority

and constraints of the field received
a lot of attention. The degree to
which they were analogous and
the date of publication were used
to determine whether or not the
document was regarded as pertinent
to the research questions. Because

always needs a crew for the boat,

(2019) claims that II|

of the respondents’ selection and

including labour and fuel. Supply

specially made |

the background data, which was

delivery to a ship can frequently be

deemed to be highly pertinent to

very expensive [30]. UAVs can help the research, this study is thought
enforce these to have a high level of credibility.
3.2. Unmanned Aerial Vehicles (UAV)  sulphur limits more Previous experiments and activities
""""" ; in the area were conducted on ships at

A simulation module was developed effectlvely b

in a study by [28] to show how a

UAV can land onto a ship safely in a

predetermined location as in Figure 2. The area here was
constructed like a helipad platform. There were two distinct
phases to the process. The drone had to find the ship in the
first phase, which was accomplished by placing four red
LED lamps around the helipad in a square configuration.
It was possible to manoeuvre in the direction of the red
lamps above and hover over the helipad with the aid of a
mounted camera. The second stage of the process began
when the UAV was hovering above the helipad, and it was
finished by using the bottom camera to further centre and
position itself over the helipad. An ultrasonic altimeter was
used in conjunction with the four lamps as compensation
for the movement of a ship in motion. According to Wang &
Bai, this allowed for good accuracy and a safe, autonomous
landing on the helipad.

Maersk claimed to be the first company to use a drone
to deliver supplies from a barge to a vessel in 2016. [11].
Another advancement was made in 2018 by Wilhelmsen
Ships Service and Airbus, who set up stations to pilot
consumables printed using 3D printers, documents,
water test kits, and spare parts to vessels at anchor from
Singapore Port’s marina south pier [29].

3.3. Validity, Generalisability, and Dependability

In general, data for the background material was
compiled from a variety of sources. The technical aspects

depot

Figure 5. Provides an example of a delivery by drones to a portion
of these customers. [Drone stops are indicated by the black
square (deliveries).]

anchor in cities like Singapore [13]. By

examining reviews and publications in
scientific journals, it was possible to assess the validity of
the information gathered.

Due to limited lifting capacities and the fact that most
respondents are aware that deliveries frequently consist
of multiple pallets, it was generally agreed that UAV
deliveries could complement but not entirely replace
shore-to-ship launches by launch boats. In order to avoid
delays, some of the respondents believed that a UAV
might be useful for transporting important documents
and spare parts in narrow passages or areas where ships
are passing close to the shore. The authors initially did
not think about this kind of implementation, but after
studying the literature and conducting interviews, they
realised how important it is.

This study’s main findings, which compare UAV
deliveries to launch boats, include potential cost savings,
quicker delivery times, risk reduction, and less negative
environmental impact as shown in the Figure 3. None of
these advantages came as a surprise given that UAVs are
powered by electricity, unmanned, and transported in air.
The lifting capacity presented one of the biggest obstacles
to UAV deliveries. In our interviews, the majority of
participants said that a UAV’s capacity was insufficient
for shore-to-ship deliveries. When they made their own
reflections based on personal experience, the authors
thought this was reasonable. Even though the respondents

Figure 6. A hybrid Boat-drone delivery system is depicted, in
which the launch boat and the drone alternate making deliveries
as they pass through the service area.
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Additionally, compared to WSNs and

— b8

technology that was already in use,
some responses revealed ignorance of
it. The predetermined belief that UAVs
couldn’t lift enough weight, despite the
presentation of heavy-duty UAVs capable

Due to limited lifting

MANETSs, the drone’s coverage area is
substantially larger. As a result, the
main security difficulties stem from the
resource and delay limitations of UAVSs.
Drone use for physical and cyberattacks

of lifting 200 kg, is a prime example of thefaCtthatmOSt by bad parties puts society at risk
this. respondents are by breaching citizens’ privacy and
............................................. ieopardising public safety. In reality,

Who would be responsible in the event aware that dellverles Jeop 9P v v

that the UAV or cargo was lost was another
issue that worried the respondents. The
literature review contained no information
on this matter, making it impossible to
provide an answer. The respondents’
perceptions of the delivery method in
general may have been impacted by this.

Since the majority of respondents
operate and conduct business with tanker
vessels, the majority of the responses
were predicated on the assumption
that UAVs used for ship deliveries were
classified for explosive atmospheres. This
has already been classified, and it was
assumed that this was necessary in order
to discuss more questions with the target
group.

The study’s findings revealed no particular relationship
between the respondents’ attitudes toward UAV deliveries
and the types of ships they operated. Although when
contacting some of the tanker-operating companies for
an analysis, the results sometimes included references
to laws governing the use of electrical equipment in
potentially explosive environments. This demonstrated
the significance of classification in potentially explosive
environments as well as the general ignorance of UAV
development at the time. This led us to wonder if, rather
than the precise classifications, modern technology
might be the obstacle to implementation. This is
further supported by the fact that the shipping sector
is frequently described as conservative and traditional.

3.4. Security and Privacy Issues With Drones

The usage of drones provided advantages on both a
professional and a private level. But there are several issues
with drone systems in terms of security, safety, and privacy
[31]. At the highest national level, drone-related privacy
and security concerns should be addressed. A very tight
policy should also be in place to limit the ability of drones
to photograph and video people and property without
authorisation. In terms of security and threat analysis,
drone assisted networks are different from traditional
wireless networks like Mobile Ad-hoc Networks (MANETS)
and Wireless Sensor Networks (WSNs) [32]. This is
understandable given that it consumes less power and
transmits less data compared to a network that makes use
of drones to support public safety.
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drones are being abused and misused
for possible attacks in a number of
technical and practical ways. This
requires conducting critical activities
based on offensive reconnaissance and
surveillance intended to follow specific
individuals and certain properties, both
of which present dangers to personal
privacy [33].

On the other hand, it’s critical
to prevent the use of drones over
restricted areas because doing so
results in privacy violations due to
careless behaviour and the footage
may be used for scamming and/
or blackmail. Both material loss and
damage and human casualties and
deaths would result from this. The majority of studies
contrast the speed of drone delivery with that of launch
boat delivery. According to results [34, 35], using drones
in addition to boat can reduce total delivery time, but
the amount of the reduction depends on the speed of
the drones compared to the launch boat. [34] make the
assumption that the drone is faster than the launch boat
by a factor of and demonstrate theoretically that adding
a drone to a boat reduces total service time.

3.5. Hybrid Model - Proposed Model

The conventional launch boat model of supply makes
the distance travelled by the boat greater and the effect on
the environment due to the carbonaceous fuel emissions
also higher. Refer to Figure 4, when the IC engine is in low
power mode when slow-speeding close to the destination,
the system’s efficiency is lower. When too many stops are
added, the overall efficiency of the trip is low.

If a drone-only model is introduced for the same
supply as described in Figure 5, due to the limitation
of the payload in drones, each ship needs to be visited
separately. This makes the number of drone flights high.
Even though the energy requirement of drone transit is
small, because of the higher counts of travel, the overall
energy requirement is equal to the launch boat model of
the supply.

A hybrid model will be developed using the benefits
of both modes of transport. When comparing Figure 4
and Figure 6, the total distance travelled by the boat on
the hybrid model is reduced, and the energy requirement
as a part of boat travel is reduced. Added to this, the
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reduced number of stoppages in this model will lower
the time required for part-load operation and increase
overall efficiency too.

In the drone part of the shipment, the number of drone
movements is reduced and the total distance travelled is
also reduced, which lowers the energy consumption on
this part too. Overall energy requirement on this hybrid
model of the supply system efficiently reduced.

4. CONCLUSION

In conclusion, there is little research on the economic
and environmental benefits of drone delivery. While the
majority of those research focus on drone-only deliveries,
fewer studies look at the launch boat and drone delivery
approach, which is another crucial way to employ drones.
Few research examines a hybrid delivery model that best
integrates drone and sea-drone delivery. Research findings
on the energy and emissions efficiency of drone delivery
are likewise inconclusive, in part because little is known
about drone energy consumption and the wide range of
drone energy consumption models and rates. The authors
were able to respond to the research questions and derive
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conclusions from the findings through literature reviews
and interviews. UAV shore-to-ship deliveries to ships at
sea could supplement rather than completely replace
current launch boat deliveries.

When compared to traditional launch boat deliveries,
UAV deliveries have a number of advantages for shipping
companies, including lower costs, faster delivery times, a
smaller impact on the environment, and lower injury risks.
The industry’s cautious attitude toward new technology,
regulations, classifications of explosive atmospheres, and
the limited lifting capacity of UAVs were found to be the
main obstacles to the implementation of UAV deliveries
in shipping.
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